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Product Design Framework with Configuration
Network and its Viewing Control
(3rd Report: Geometric Modeling Method Directed by Configurations)∗
Kikuo FUJITA, Shinsuke AKAGI, Noriyasu HIROKAWA and Masato FUWA
A framework of computational design method and modeling has been proposed for the layout
and geometry design of complicated mechanical systems, which is named “configuration network and
its viewing control” in the first report. In this paper, we present a geometric modeling technique with
the aim of its integration with the framework. In the modeling method, each geometry of an object
entity is represented with a geometric primitive or a set of ones, and they are manipulated through
form features such as positions, directions and dimensions, which are represented with symbol-based
algebraic expressions. The restrictions and desirable states imposed by configurations on an artifact are
translated into mathematical functions among the features, and those variables are fixed by an optimization
calculation in order to embody the configurations into actual arrangements and geometries. Moreover, this
model has an ability to partially analyze the consistency of configurations among geometric primitives with
symbol-based algebraic expressions. Finally, some examples of its applications are briefly demonstrated in
a design problem of air-conditioner units.
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Object Orientation, Artificial Intelligence, Optimization
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Fig. 1 Parametric geometry modeling
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Fig. 2 Object-oriented representation of configuration-driven geometry
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(make-instance ’device
:name ’compressor-std
:geometry ’(vertical-column :radius 87.0
:length 500.0)
:ports ’((:position (rtz r -2.9 320.0)
:direction (rtz u v 0.0))
(:position (rtz r -2.4 456.0)
:direction (rtz u v 0.0))) )
(define-within ’compressor-std ’package)
(define-settled-on-bottom ’compressor-std)
(a) Definition with a single primitive
(make-instance ’heat-exchanger-plate
:name ’heat-exchanger
:geometry
‘((even-box
:x 70.0 :y 320.0
:z 0.0 :phi
,(/ pi 2.0)
:width 340.0 :depth 40.0
:height 1110.0 )
(even-box-with-offset
:offset-x 300.0 :offset-y 40.0
:offset-z 0.0 :offset-phi
,(/ pi -2.0)
:offset-theta 0.0 :offset-psi 0.0
:width 1162.0 :depth 40.0
:height 1110.0 )
(even-box-with-offset
:offset-x 340.0 :offset-y -1080.0
:offset-z 0.0
:offset-phi ,(+ (/ pi -2.0) -1.4)
:offset-theta 0.0 :offset-psi 0.0
:width 450.0 :depth 40.0
:height 1110.0 ))
:ports
’((:position (xyz 0.0 12.0 420.0)
:direction (xyz -1.0 0.0 0.0))
(:position (xyz 0.0 30.0 10.0)
:direction (xyz -1.0 0.0 0.0))) )
(define-within ’heat-exchanger ’package)
(define-settled-on-bottom ’heat-exchanger)
(b) Definition with plural primitives
(define-pipe ’compressor-std 1
’oil-separator 0
:diameter 15.0
:inline-components
’(filter-comp-std-oil check-valve)
:piping-space
’(vertical-column :radius 40.0
:length 540.0 :z 0.0) )
(c) Definition of a pipe connection
Fig. 3 Initial definition of geometries
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Fig. 4 Configuration verification with interval algebra
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Fig. 5 Embodying geometry and arrangement
through optimization
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